Pathologic findings in mature dogs with old dog encephalitis were compared with the findings in multiple sclerosis, subacute sclerosing panencephalitis and neuromyelitis optica in man. Fluorescent antibody studies in animal and human tissues were compared. Optic neuritis in dogs with chronic distemper shows changes similar to those in the optic tract of human patients with severe demyelinating disease. The pathologic changes in multiple sclerosis, such as perivascular infiltration with lymphocytes, plasma cells and demyelination are similar to those seen in old dog encephalitis. Demyelination in old dog encephalitis is usually diffuse. The findings strongly support a possible relationship of old dog encephalitis to multiple sclerosis, subacute sclerosing panencephalitis, and neuromyelitis optica.
Old dog encephalitis may provide a model for further study of the cause and pathogenesis of severe demyelinating diseases in man. It occurs in mature dogs that develop a chronic form of encephalitis, with difficulty in walking (ataxia), rare convulsions, and circling.
CORDY'S [8] classic description of canine encephalitis in mature dogs was published in 1942. Six dogs, aged 2-6 years, had extensive proliferation of small vessels in the pyramidal cell layers of the cortex, accompanied by perivascular necrosis. Small perivascular hemorrhages were seen in two dogs. Intranuclear inclusion bodies were present in neuroglial cells of three of the dogs, those with the most severe lesions. Motor incoordination, circling, and 'Hackney' gait was observed in the forelegs, the dogs stepped high because of stiffness of gait and hobbling in the hind legs. Some dogs fell while turning corners. In many animals there were visual disturbances. Visceral lesions in these dogs were absent or slight, and no visceral inclusion bodies were found. Of particular significance is the fact that puppies and ferrets inoculated subcutaneously with emulsified brain material from dogs with old dog ence-phalitis remained normal. Disseminated, nonsuppurative encephalomyelitis with perivascular accumulations of chronic reactive cells was scattered widely throughout the central nervous system. The grey and white substances were attacked with equal intensity; intranuclear inclusion bodies in neurons were present in five dogs. CORDY [8] stated that the virus of Carrt (canine distemper) is implicated in distemper encephalitis; the cause of disseminated encephalomyelitis is unknown, although there may be immunologically distinct strains of distemper virus that are highly neurotropic.
In 1971, canine distemper virus antigen was shown in the brain of two dogs with old dog encephalitis [13]. Canine distemper virus was demonstrated by direct fluorescent antibody tests, and pathologic evidence was presented of viral antigen in cells of the cerebral cortex, thalamus, mesencephalon and medulla. Serum antibody to the distemper agent was significantly elevated. Their inability to recover virus or transmit disease to other animals suggested that the virion was in some way defective and not infectious at the stage of the disease studied. This corresponds with the original findings of CORDY [8], who also failed to implicate the canine distemper virus by transmission experiments. Recently, there has been further evidence that old dog encephalitis is caused by canine distemper virus [14] .
An immunological relationship has been shown between measles and distemper viruses [l]. In tissue culture studies, the Edmonston strain of measles virus was neutralized by distemper antiserum prepared in ferrets. All normal ferret sera failed to show any neutralization of measles virus. Ferrets that were immunized with measles virus and subsequently challenged with distemper virus had prolonged incubation periods, modified illnesses and survivals. The results suggested that measles and distemper viruses have like antigenic components.
In 1953, adult human sera and human y-globulin was shown to contain specific neutralizing antibody to canine distemper virus [2] . Immunological relationships between measles, distemper and rinderpest were reported [ 1 11. It was believed that these three viruses were closely related and members of a subgroup of the paramyxoviruses. In 1962, elevated measles antibodies were reported in patients with multiple sclerosis [3] .
The important finding when optic neuritis occurs in dogs as the sole initial clinical sign is the eventual development of progressive central nervous system lesions histopathologically compatible with those of canine distemper [9] . A local measles-virus antibody response within the central nervous system in some patients with optic neuritis and oligoclonal IgG in cerebrospinal fluid has also been shown [15] . The immunoglobulin abnormalities in the spinal fluid in these patients are similar to those reported in multiple sclerosis. Optic neuritis in patients with multiple sclerosis, particularly as an initial symptom and sign, is very important [ 161. The long-range follow-up of patients presenting with optic neuritis has eventually led, in some cases, to a diagnosis of multiple sclerosis. Observations [9, 101 regarding optic neuritis with distemper support the concept that the chronic (latent) forms of canine distemper are possible models for studying severe demyelinating diseases of man.
Methods
The pathologic findings from nine dogs with old dog encephalitis were reviewed and compared with those of various forms of severe demyelinating diseases of man. 
Results
Clinical and pathologic findings of dogs with old dog encephalitis are recorded in table I, which includes nine dogs of various breeds. There were five males, three females, and one dog of unknown sex. The average age was 4 years. All the dogs appeared dazed to some degree; all manifested weakness, particularly in the hind quarters; ataxia was a common symptom, and visual disturbances were present in many of the animals. The pathologic findings were strikingly similar and consisted of perivascular mononuclear cellular infiltration and foci of gliosis of both white and grey matter. Several sections showed small multinucleated giant cells. Intranuclear inclusion bodies in old dog encephalitis, subacute sclerosing panencephalitis, and multiple sclerosis are shown in figure 1. Figures 2-4 show various features of old dog encephalitis, panencephalitis, and neuromyelitis optica. Encephalomyelitis is seen in all cases and is characterized by perivascular infiltration of lymphocytes and plasma cells, with or without gliosis. There are various degrees of demyelination. In multiple sclerosis these regions tend to be more sharply defined in the form of small and large plaques, which are not commonly seen in old dog encephalitis or in subacute sclerosing panencephalitis but do f 'z rant watching the animal closely for symptoms and signs of chronic encephalitis, which, as in man, may be difficult to detect. A study of 78 cases of optic neuritis in man (with a mean follow-up of 32.4 months) showed that 45 or 58% developed other signs of multiple sclerosis [16] . 
